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1. 

WRELESS REPEATER WITH 
MASTERASLAVE CONFIGURATION 

CROSS REFERENCE TO RELATED 
APPLICATION 

The present application is related to and claims priority 
from U.S. Provisional Patent Application 60/801,396 filed 
May 19, 2006, the contents of which are incorporated herein 
by reference. 

TECHNICAL FIELD 

The technical field relates generally to wireless communi 
cations and more specifically to a wireless repeater system for 
extending wireless coverage through usage of existing or new 
cabling within a facility or building structure. 

BACKGROUND 

Numerous RF-based repeaters exist that provide wireless 
communication network coverage to areas in which Such 
coverage would otherwise be weak or non-existent. Such 
coverage is important because a high percentage, which some 
studies indicate to be near 40%, of network subscribers live, 
work or travel in areas having Such weak or non-existent 
coverage. 

Several types of RF-based repeaters support frequency 
division duplexing (FDD) systems and enhance network cov 
erage in networks providing wireless service in various fre 
quency bands and Supporting various wireless standards, 
including IS-95, IS-2000, W-CDMA, HSDPA/HSUPA, 
TDS-CDMA, IEEE802.11, IEEE802.16, and the like. In such 
a configuration, a first repeater unit in communication with a 
wireless base station (BS) receives RF signals through an 
antenna, typically located at the top of a large structure Such 
as a shopping mall or parking deck. The first repeater unit then 
communicates the downlink RF signals, often along with a 
local oscillator (LO) signal, to a remotely located second 
repeater or repeaters over existing or new building cabling. 
Some of these types of repeater systems transport the RF 
signals at their original frequencies, while others utilize an 
intermediate frequency (IF) for transporting the signals. 
Where an intermediate frequency is used, an LO reference 
signal is provided along with the IF based signal. These 
repeater systems are often referred to an “in-building distri 
bution systems.” The second repeaters, often referred to as 
remote or slave units, in turn communicate with Subscriber 
terminals to provide wireless coverage within the structure 
and communicate Subscriber terminal RF signals back to the 
transceiver through an uplink established with the first 
repeater unit through the new building cabling, including in 
some cases fiber optic cabling. The LO signal enables the first 
repeater unit in communication with the BS and the second 
repeaters in communication with Subscriber terminals to 
minimize frequency offset. 

However, the above repeater typically is complex, and 
therefore expensive, to install and involves a significant 
amount of network planning due to the size of the structures 
in which it is typically implemented. Generally, new cabling 
must be used for these systems, and in most deployments a 
single cable must be installed between the first repeater or 
master unit and each remote unit. The replication of cabling 
drives the cost of the deployment due to both materials and 
labor. Because a cable is installed from the master to each 
remote, rearranging the remote units or installing additional 
remote units is difficult and expensive. Finally these remote 
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2 
units are generally not in communication with the master unit 
and therefore if malfunctions arise, the operator will often 
remain unaware of the condition for an indefinite period of 
time. 

Another RF-based repeater that has increased in popularity 
in countries such as South Korea finds use in residential 
applications. In such a system, typically cabling is run from 
an external antenna outside to an indoor repeater unit that 
transmits on a second antenna within the home. Performance 
of Such a system is dependent upon the isolation of the two 
antennas, and can vary based on their physical separation, and 
antenna orientation. Further, the benefits of this solution are 
typically outweighed by the costs for requisite professional 
installation. 

While Such a configuration does not need to tap into exist 
ing home wiring or cabling, professional installation is 
required as previously noted because the repeater includes a 
transmit antenna and a receive antenna that must be physi 
cally separated. Also, the signal strength of the repeater must 
be adjusted downwardly in proportion to the proximity of the 
transmit and receive antennas to one another to prevent trans 
mit and receive signals, which share the same frequency, from 
oscillating due to their coupling. As a result of the signal 
strength of each repeater being adjusted downwardly, such a 
repeater provides incremental improvement in network cov 
erage and signal strength in many cases, thereby resulting in 
only marginal benefit to some network Subscribers, and a 
highly variable outcome for the carriers who often install 
them. 
One known same-frequency RF-based residential repeater 

in a self-install package is available in which isolation 
between the transmit and receive antennas in each repeater is 
achieved by using directional antennas, by physically sepa 
rating the antennas and by adjusting the repeater transmit/ 
receive signal strength downwardly to prevent receiver desen 
sitization and oscillation. However, the repeaters themselves 
are large and bulky due to the need to physically separate the 
antennas and are expensive due to their many RF compo 
nents. The benefit provided by Such repeaters is marginal due 
to the close proximity of both antennas, and therefore the 
minimal isolation limits their effectiveness. In addition, the 
Solution provides incremental improvement in network cov 
erage and signal strength, thereby resulting in only marginal 
benefit to network subscribers. 

SUMMARY 

In view of the above limitations, an RF-based Frequency 
Domain Duplexing (FDD) repeater system is provided in 
which a master unit is in communication with a wireless base 
station and one or more slave or remote units are in commu 
nication with one or more subscriber terminals. The master 
unit communicates with the slave unit through a physical 
connection to existing or new residential wiring Such as co 
axial cable, Ethernet cable, power lines and phone lines, or 
fiber optic cabling. When new cabling is used, a single coaxial 
(for example) cable may be shared with all the remote units, 
providing a simplified installation and a greatly reduced cost. 
Further, reconfiguration or addition of the save units is a 
relatively simple matter when compared to the existing solu 
tions. When used with existing wiring, often other services 
may be Supported simultaneously such as Multimedia over 
Coax Alliance (MoCA), satellite IF and Digital Subscriber 
Line (DSL). In both cases the cellular, or wireless, signals are 
transported an in intermediate frequency between the master 
and slave units. The specific intermediate frequencies used 
for this transport are coordinated through a master slave com 
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munication protocol (MSCP) resulting in a frequency trans 
lation in a manner that is transparent to the wireless base 
station and the Subscriber terminals. As the frequency trans 
lation is transparent to the wireless network, the configuration 
complies with all licensed spectrum communication stan 
dards. 
The repeater system is applicable to FDD systems such as 

those based on protocols such as IS-2000, IS-95, GSM and 
WCDMA. This approach is also applicable to Time Division 
Duplexing (TDD) systems such as PHS, WIFI, WIMAX and 
TDS-CDMA. The slave units in the repeater system each 
include a local oscillator that is synchronized to that of the 
master to ensure that a very low frequency offset is imparted 
to the repeated RF signal. This synchronization is accom 
plished utilizing a novel message based approach whereby 
the timing offsets between the master and slave units may be 
very accurately mitigated. The master and slave units will 
transport the frequency translated downlink signal from the 
base station on a downlink transport frequency and the uplink 
signal from the wireless terminal device on the uplink trans 
port frequency. While these two frequencies would be differ 
ent for a FDD based system, they would likely be the same IF 
for a TDD based system. In addition to transporting uplink 
and downlink signals, the master and slave units will also 
communicate with each other through master slave commu 
nication protocol (MSCP) packets which may be on the same 
uplink and downlink transport frequencies during a predeter 
mined time period which may be pseudorandom when the 
master or slave units puncture the analog wireless signal as 
carried on the uplink or downlink transport frequencies to 
insert the digital MSCP packets, wherein the frequency chan 
nels on the wiring or cabling used to transport the up and 
down link signals are referred to herein as “transport frequen 
cies.” The MSCP packets are used in configuring and install 
ing the master and slave units, transmitting power control 
among the units, and minimizing the timing and frequency 
offsets between the master and slave units. The MSCP pack 
ets may also be used for communicating status of the remote 
units to alert the operator of a malfunction or other general 
Status. 
The repeater system is also capable of maintaining a qual 

ity link between the base station and subscriber terminals 
through interference measurement and management, testing 
and qualifying transport frequencies, tuning the upstream and 
downstream transport frequencies, independently detecting 
interference during predetermined puncture off times, and 
performing periodic transport frequency channel scans by the 
master unit and coordinated with the slave units during punc 
tured off times. This IF management becomes important 
when existing cabling is used in a structure, or when very 
strong interfering signals are coupled to the cables when new 
wiring is used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying figures, where like reference numerals 
refer to identical or functionally similar elements and which 
together with the detailed description below are incorporated 
in and form part of the specification, serve to further illustrate 
various exemplary embodiments and to explain various prin 
ciples and advantages in accordance with the present inven 
tion. 

FIG. 1A and FIG. 1B are schematic diagrams illustrating 
an exemplary architecture of an exemplary wireless repeater 
system; 

FIG. 2 is a schematic block diagram of portions of an 
exemplary slave or master unit; 
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4 
FIG. 3 is a flow diagram illustrating an exemplary proce 

dure for setting up the master and slave units: 
FIG. 4 is a flow diagram illustrating an exemplary proce 

dure for adjusting the transport frequencies between the mas 
ter and slave units: 

FIG. 5 is a flow diagram illustrating an exemplary proce 
dure for controlling the power of the slave unit; 

FIG. 6 is a flow diagram illustrating an exemplary proce 
dure for monitoring master/slave oscillations and setting opti 
mal gain; 

FIG. 7 is a flow diagram illustrating an exemplary proce 
dure for optimizing uplink gain of the slave unit; 

FIG. 8 is a flow diagram illustrating an exemplary proce 
dure for measuring interference and noise on the transport 
frequencies; 

FIG. 9 is a schematic block diagram of exemplary coaxial 
cable interconnecting several rooms in a house as provided by 
the Multimedia over Coax Alliance (MoCA); 

FIG.10 is a schematic block diagram of another exemplary 
coaxial cable interconnecting several rooms in a house as 
provided by MoCA: 

FIGS. 11A and 11B are graphs of frequency responses for 
respective long and short path transmissions over the coaxial 
cable illustrated in FIG. 10 as provided by MoCA: 

FIG. 12 is an exemplary diagram illustrating the respective 
bandwidths of other potentially existing services that must be 
avoided by the wireless repeater in FIG. 1; 

FIG. 13 is a diagram illustrating exemplary setup and 
installation of the repeater shown in FIG. 1; and 

FIG. 14 is a system diagram of another exemplary wireless 
repeater system including multiple slave units. 

DETAILED DESCRIPTION 

Referring now to the drawings in which like numerals 
reference like parts, several exemplary embodiments will 
now be described. 
The instant disclosure is provided to further explain in an 

enabling fashion the best modes of performing one or more 
embodiments. The disclosure is further offered to enhance an 
understanding and appreciation for the inventive principles 
and advantages thereof, rather than to limit in any manner the 
invention. 

It is further understood that the use of relational terms such 
as first and second, and the like, if any, are used solely to 
distinguish one from another entity, item, or action without 
necessarily requiring or implying any actual such relationship 
or order between such entities, items or actions. It is noted that 
Some embodiments may include a plurality of processes or 
steps, which can be performed in any order, unless expressly 
and necessarily limited to a particular order; i.e., processes or 
steps that are not so limited may be performed in any order. 
Much of the inventive functionality and many of the inven 

tive principles when implemented, are best supported with or 
in Software or integrated circuits (ICs). Such as a digital signal 
processor and Software therefor, and/or application specific 
ICs. It is expected that one of ordinary skill, notwithstanding 
possibly significant effort and many design choices motivated 
by, for example, available time, current technology, and eco 
nomic considerations, when guided by the concepts and prin 
ciples disclosed herein will be readily capable of generating 
Such software instructions or ICs with minimal experimenta 
tion. Therefore, in the interest of brevity and minimization of 
any risk of obscuring the principles and concepts according to 
the present invention, further discussion of such software and 
ICs, if any, will be limited to the essentials with respect to the 
principles and concepts used by the exemplary embodiments. 
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The present application incorporates by reference the con 
tents of the following: U.S. patent application Ser. No. 
10/465,817 entitled Wireless Local Area Network Extension 
Using Existing Wiring And Wireless Repeater Module(s): 
U.S. patent application Ser. No. 11/127.320 entitled Non 
frequency Translating Repeater with Detection and Media 
access control; U.S. patent application Ser. No. 1 1/340,860 
entitled Physical Layer Repeater with Discrete Time Filter for 
All-digital Detection and Delay Generation; and U.S. patent 
application Ser. No. 11/730,361 entitled Enhanced Physical 
Layer Repeater for Operation in WIMAX Systems, which 
was filed on Mar. 30, 2007. 

FIG. 1A and FIG. 1B show the architecture of a portion of 
the wireless repeater system 100 (also referenced more gen 
erally as a repeater)according to one exemplary embodiment, 
as well as other peripheral electronic components. The 
repeater system 100 includes two or more sub-units for imple 
menting a master unit and a slave unit. The first Sub-unit is 
configured as a master unit 102 for wirelessly communicating 
with a wireless base station 104 and will be referred to herein 
as a master unit 102. The master unit 102 is located in a room 
with coverage or physically outside of a room in a facility or 
similar structure in which extended wireless coverage is 
desired. The second sub-unit is configured as a slave unit 106 
for wirelessly communicating with a subscriber terminal 108. 
It should be noted that the repeater 100 is not limited to 
including merely one slave unit. In practical implementation, 
the repeater 100 may include a plurality of sub-units for 
implementing a plurality of slave units distributed throughout 
the facility or similar structure in which extended wireless 
coverage is desired. 
The master unit 102 is connected to the slave unit 106 

through existing wiring 110 in the facility to enable the master 
unit 102 to transmit radio frequency (RF) signals such as 
cellular signals to the slave unit 106 on a downlink transport 
frequency and to receive cellular signals from the slave unit 
106 on an uplink transport frequency in a manner that is 
transparent to the base station 104 and the subscriber terminal 
108 and therefore in compliance with existing licensed spec 
trum communication standards. Both the master unit 102 and 
the slave unit 106 also include power detectors 112, 114, the 
function of which will be described below in more detail. 

FIG. 2 is an illustration of portions of the sub-units accord 
ing to one exemplary embodiment. The sub-unit 200 can 
include a processor 220, a memory 235 coupled to the pro 
cessor 220, and a transceiver 230 for coupling the processor 
220 to external entities such as the base station 104 or the 
subscriber terminal 108. The transceiver 230 may include 
components shown in FIG.1 Such as antenna, modems and/or 
amplifiers. The transceiver 230 can further include a low pass 
filter associated with the existing wiring or cabling that physi 
cally connects the master unit and the slave unit at the point at 
which the existing wiring or cabling enters the house. The low 
pass filter would enable cable TV signals to be input into the 
facility and would filter out wireless signals, thereby prevent 
ing the wireless signals from exiting the home and being 
received by other like repeaters located in, for example, a 
multi-tenant dwelling. 
The transceiver 230 can send and receive wireless signals 

to and from the wireless base station 104 or subscriber termi 
nal 108. The transceiver 230 can further send and receive the 
wireless signals and master slave communication protocol 
(MSCP) packets on the downlink and uplink transport fre 
quencies to another sub-unit Such as another slave unit or a 
master unit over the existing wiring of the facility. The trans 
ceiver 230 will send the wireless signals to one of the base 
station and subscriber terminal and either the slave unit or the 
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6 
master unit depending upon if the sub-unit 200 is configured 
as a slave unit or a master unit. 

The processor 220 can be one of a variety of different 
processors including general purpose processors, custom 
processors, controllers, compact eight-bit processors or the 
like. The memory 235 can be one or a combination of a variety 
of types of memory Such as random access memory (RAM), 
read only memory (ROM), flash memory, dynamic RAM 
(DRAM) or the like. The memory 235 can include a basic 
operating system, data, and variables 240 and executable 
code 245. The memory 235 can further include computer 
programs (or executable instructions) for configuring the pro 
cessor 220 to perform the tasks required of the sub-unit 200. 
Particularly, the memory 235 can include: transport fre 
quency adjustment instructions 250; MSCP packet genera 
tion instructions 255; handoff instructions 260; search/dis 
covery instructions 265, power detection/control instructions 
270 and gain optimization instructions 275, each of which 
will be discussed in more detail below. 
The transport frequency adjustment instructions 250 are 

for configuring the processor 220 to test and qualify the 
transport frequencies, and independently tune the uplink and 
downlink transport frequencies. The MSCP packet genera 
tion instructions 255 are for configuring the processor 220 to 
generate MSCP packets including operating parameters, 
notification of gap transmission times, broadcast messages, 
measured parameters, and other messages. 
The handoff instructions 260 are for configuring the pro 

cessor 220 to enable a soft handoff of a subscriber terminal 
between a sub-unit and another base station, between base 
stations, or between different sub-units. In CDMA systems, a 
Soft handoff is a process whereby signals from more than one 
base station are received at the same time. Additionally, if 
signals from both the repeated and direct propagation paths 
are received by the Subscriber terminal, theses signals may be 
combined using a CDMA Rake receiver. It is important that 
the frequency offset between these multiple signal sources 
have minimum frequency offsets. Particularly, the processor 
220 can be configured to limit a frequency offset between 
signals of the two entities with which a subscriber unit is 
participating in a handoff activity. 
The search/discovery instructions 265 are for configuring 

the processor 220 to configure the sub-unit 200 as either a 
master or slave unit. Particularly, the search/discovery 
instructions 265 can configure the sub-unit to be in a discov 
ery mode (master unit) in which MSCP packets including 
time-stamped master broadcast messages are sent to other 
Sub-units on the transport frequency, or can configure the 
sub-unit 200 to be in a search mode (slave unit) in which it 
listens for the master broadcast messages. The master broad 
cast messages can include operating parameters such as tim 
ing parameters, downlink master to slave transmission times, 
slave to master initial transmission times and an uplink ran 
dom access time slot available for transmission. 

The power detection/control instructions 270 are for con 
figuring the processor 220 to set parameters such as Received 
Signal Strength Indication (RSSI) power detector thresholds 
on the uplink and downlinks based upon measured RSSI, 
noise levels and Sub-unit input and output power, and to 
control the input and output power based upon the set param 
eters. 

The gain optimization instructions 275 are for configuring 
the processor 220 to determine a maximum gain for either the 
uplink to the base station or the downlink to the subscriber 
terminal in which the master unit and the slave unit are not in 
an oscillation state. 
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Referring to FIG. 3, an exemplary procedure 300 for set 
ting up a repeater including two Sub-units as a master unit and 
a slave unit will be discussed. At 305, a sub-unit intended to be 
configured as a master unit (hereafter master unit) is placed 
into a discovery mode, and at 310, another sub-unit intended 
to be configured as a slave unit (slave unit) is placed into a 
search mode. As will be discussed later in more detail, the 
Sub-units can be placed into the discovery mode and the 
search mode by the user via a single button push procedure in 
which a user pushes a push button on the master unit to place 
it in the discovery mode and a pushbutton on the slave unit to 
place it in the search mode. 

At 315, the master unit sends MSCP packets including 
control messages Such as master broadcast messages on a 
downlink transport frequency to the slave unit. Alternatively, 
here the master unit can be placed in a slave accept mode 
when the user depresses the push button on the master unit 
that will be timed out after a fixed amount of time. At 320, the 
slave unit receives the master broadcast messages, and iden 
tifies the master unit. At 325, the master unit sends another 
control message to the slave unit including operating param 
eters such as timing parameters, downlink master to slave 
transmission times, slave to master initial transmission times 
and an uplink random access time slot available for transmis 
S1O. 

At 330, the master unit sends MSCP packets including an 
instruction of when an upstream random access time slot is 
available for transmission to the slave unit. During this time, 
RF transmissions from the slave unit on the uplink transport 
frequency are terminated. These times may be used by the 
slave unit and the master unit for interference assessment as 
well as initial slave to master communication. 

At 335, the slave unit sends MSCP packets including a 
random access message to the master unit over the uplink 
transport frequency. At 340, the slave unit receives an 
acknowledgement message from the master unit over the 
downlink transport frequency. 

At 345, the master unit sends MSCP packets including an 
instruction of predefined timing and a specific time slot for the 
slave unit to transmit to the master unit. This specific time slot 
will be different from the random access time slot. 

At 350, the slave unit listens for normal master slave com 
munications to ensure that it has the master slave transmit 
timing correct. During this time, RF transmissions from the 
slave unit on the uplink transport frequency continue to be 
terminated. 

At 355, the master unit sends MSCP packets including 
time-stamped broadcast messages to the slave unit or units on 
the downlink transport frequency to allow frequency timing 
adjustments in the slave unit. At 360, the slave unit determines 
a timing difference between a local processor clock and the 
master unit. Particularly, the slave unit can compare the inter 
nal clock running locally in the slave unit processor with the 
time stamped broadcast messages from the master unit over a 
long time base to determine the timing difference. At 365, the 
slave unit adjusts its Voltage controlled reference oscillator 
based upon the timing difference to achieve the required 
accuracy. This allows the RF frequencies to be very close, i.e. 
<100 Hz different (100/(2x10=1/(2x107)=0.05x10°=0.05 
ppm) when the repeater is operating at 2 GHz. 
Once the required timing and power accuracy is achieved, 

the slave unit is activated as are the slave unit transmitter/ 
receiver activation procedures. The slave unit then transmits 
on the downlink, monitors master unit transmissions and 
monitors interference during off-puncture times. The proce 
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8 
dure 300 for setting up the repeater can be performed by the 
processor 220 executing the search/discovery instructions 
265. 

Referring to FIG. 4, an exemplary procedure 400 for set 
ting up or adjusting the transport frequencies between the 
master and slave units will be discussed. At 401, the master 
unit sends a notification message notifying of a downlink gap 
transmission time to the slave unit on the downlink transport 
frequency, and the slave unit sends a notification message 
notifying of an uplink gap transmission time to the master unit 
on the uplink transport frequency. 
At 403, the master unit punctures the wireless signals on 

the downlink transport frequency with a downlink “quiet” 
gap at the downlink gap transmission time, and the slave unit 
punctures the wireless signals on the uplink transport fre 
quency with an uplink "quiet gap at the uplink gap transmis 
sion time. The master unit and the slave unit puncture the 
wireless signals according to a non-regular interval to prevent 
harmonic interference. 
At 405, the master unit and the slave unit receive the down 

link gap and the uplink gap on the respective transport fre 
quencies. At 410, the master unit and the slave unit measure 
the interference levels and/or Signal to Noise Ratio (SNR) on 
the uplink and downlink transport frequencies based upon the 
“quiet” gaps. The slave unit can send a message including the 
measured interference level or SNR to the master unit. 
At 412, the master unit determines if the measured inter 

ference levels and/or SNR are above a predetermined abso 
lute level or a level relative to the desired signal present on the 
transport frequencies. If the measured interference levels and/ 
or SNR are determined to be above the predetermined abso 
lute level (YES at 412), then at 415the wireless repeating can 
be turned off. 

If the measured interference levels and/or SNR are deter 
mined to be above the predetermined absolute level (NO at 
412), then at 420 the uplink and downlink transport frequen 
cies are chosen based on minimal interference or predeter 
mined SNR. The master unit can continually re-evaluate the 
interference levels to ensure interference is not re-transmitted 
over the wireless network. 

During the MSCP packet transmission period, all slave 
units must turn off their RF transmitters, as these master unit 
packets are directly substituted into the transport signal by 
"puncturing the wireless signal that is also transported on the 
transport frequency. 
The procedure 400 for setting up or adjusting the transport 

frequencies between the master and slave units can be per 
formed by the processor 220 executing the transport fre 
quency adjustment instructions 250. 

Referring to FIG. 5, an exemplary procedure 500 for con 
trolling the power of the slave unit will be discussed. At 505, 
the slave unit measures a received signal strength indication 
(RSSI) and noise level of the uplink transport frequency, as 
well as an input and output power of the slave unit. The slave 
unit sets an initial uplink signal detection threshold (RSSI 
power detector threshold) based on these measured values 
and a desired probability of detection/false detection. 
At 510, the slave unit calculates the path loss back to the 

master unit via the transport frequency and master slave 
packet exchanges. At 515, the slave unit adds a minimum 
SNR gain adjustment to that path loss. At 520, the slave unit 
sets the uplink transport frequency gain based upon the cal 
culated path loss and SNR gain. 
At 525, the slave unit then sets the downlink RF gain to a 

minimum level based upon what parameters is the downlink 
set to a minimum. At 530, the slave unit begins transmitting 
the carrier signal on the downlink to the subscriber terminal. 
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The procedure 500 for controlling the power of the slave unit 
can be performed by the processor 220 executing the power 
detection/control instructions 270. 

Referring to FIG. 6, an exemplary procedure 600 for moni 
toring master/slave oscillations and setting optimal gain will 
be discussed. At 605, the slave unit measures the slave unit 
output powerby, for example, the power detector 114. At 610, 
the slave unit adjusts the downlink RF gain (DL. RF G) by, 
for example, adjusting the output power. At 615, the slave unit 
compares the change in RF gain with a change in the slave 
unit output power. 

At 620, the slave unit determines if a change in the gain of 
the downlink to the subscriber terminal is substantially equal 
to a change in the measured output power. If the ratio of the 
changes is not substantially equal, then the master unit and the 
slave unit are likely in an oscillation state. 

If the change in the gain of the downlink to the subscriber 
terminal is not Substantially equal to a change in the measured 
output power (NO at 620), then at 630 the slave unit adjusts 
the downlink RF gain and compares the gain setting change 
with the measured output power change. The gain is adjusted 
in, for example, 1 dB stepped increments until it is at a 
maximum prior to oscillation. At 635, the slave unit reduces 
the downlink RF gain by an additional fixed amount. At 640, 
the slave unit calibrates the output power by periodically 
increasing and decreasing the output power and measuring 
the measured output power changes on an ongoing basis. That 
is, the slave unit determines a maximum gain of the downlink 
to the subscriber terminal for which the master unit and the 
slave unit are not in the oscillation state. 
At 645, the slave unit determines if gain of the downlink to 

the subscriber terminal required to prevent oscillation is 
below a specific level. If the gain of the downlink to the 
subscriber terminal required to prevent oscillation is below 
the specific level (YES at 645) or if the change in the gain of 
the downlink to the subscriber terminal is determined to be 
Substantially equal to a change in the measured output power 
(YES at 620), then at 625 the slave unit or the master unit can 
generate an indication message for the user indicating that the 
slave unit is in an acceptable location. 

If the gain of the downlink to the subscriber terminal 
required to prevent oscillation is above the specific level (NO 
at 645), then at 650 the slave unit generates an indication 
message to be send to the master unit, and locally to the user, 
that the slave unit is not in an acceptable location. This 
approach can also potentially be used to determine the isola 
tion between plural slave units. The procedure 600 for moni 
toring master/slave oscillations and setting optimal gain can 
be performed by the processor 220 executing the gain opti 
mization instructions 275. 

Referring to FIG. 7, an exemplary procedure 700 for set 
ting the slave unit uplink gain will be discussed. At 705, a user 
of the subscriber terminal makes a call near the slave unit after 
initial set up. At 710, during the call, all slave units periodi 
cally puncture the uplink transmission on the uplink transport 
frequency with an uplink gap. At 715, the master unit sequen 
tially enables each slave unit to transmit the uplink gap. That 
is, each slave unit is enabled for transmission one at a time. 
At 720, the master unit performs an output power/gain 

adjustment slope measurement for the uplink to the base 
station in a similar manner to the process 600 performed by 
the slave unit. That is, the master unit determines a maximum 
gain of the uplink to the base station for which the master unit 
and the slave unit are not in an oscillation state in which a 
change in the gain of the uplink to the base station is not 
Substantially equal to a change in the measured master unit 
power. Once the master unit uplink RF gain is set to a safe 
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10 
level to prevent oscillation, at 725 the master unit compares 
the master unit uplink RF gain with the gain required for all 
the other slave units for Voice communicationata satisfactory 
level. 
At 730, the master unit determines if the minimum gain of 

the uplink to the base station required to prevent oscillation 
for each of the slave units is below a specific level. If the gain 
required to prevent oscillation is below the specific level 
(YES at 730), then at 740 the master unit can generate an 
indication message to be sent to the slave unit, and locally to 
the user, that the slave unit is not in an acceptable location. 

If the gain required to prevent oscillation is not below the 
specific level (NO at 730), then at 735 the master unit can 
generate an indication message to be sent to the slave unit, and 
locally to the user, that the slave unit is in an acceptable 
location. 
The procedure 700 for setting the slave unit uplink gain can 

be performed by the processor 220 executing the gain opti 
mization instructions 275. 

Referring to FIG. 8, an exemplary procedure 800 for mea 
Suring interference and noise on the uplink and downlink 
transport frequencies will be discussed. The transport fre 
quencies are tested and qualified by tuning the upstream and 
downstream transport frequencies independently. 
At 805, the master unit detects noise and/or interference 

during an uplink gap punctured in the wireless signals 
between the master and slave units on the uplink transport 
frequency. Similarly, the slave unit detects noise and/or inter 
ference during a downlink gap punctured in the wireless 
signals between the master and slave units on the downlink 
transport frequency. The master unit and the slave unit can 
determine when the uplink gap and the downlink gap will be 
punctured in the wireless signals based upon a notification 
message included in MSCP packets received from the slave 
unit or the master unit. 
At 810, the master unit measures the interference leveland 

propagation on the uplink transport frequency based upon the 
uplink gap punctured in the wireless signals. The slave unit 
measures the interference level and propagation on the down 
link transport frequency based upon the downlink gap punc 
tured in the wireless signals. The slave unit can generate 
MSCP packets including the measured interference levels 
and report them to the master unit. The master unit performs 
periodic transport frequency channel scans in coordination 
with the slave unit during “punched off times and maintains 
a table of the measured noise/interference on all available 
transport channels based on listening performed at the master 
units and reports from the slave units. 
At 815, the master unit determines if the detected interfer 

ence, detected noise or measured propagation is too high for 
satisfactory communication over the transport frequencies. If 
the detected interference, detected noise or the measured 
propagation is too high (YES at 815), then at 820 the master 
unit reconfigures the transport frequencies and at 825 sends 
the transport frequency changes to the slave unit. The above 
process can be repeated until the parameters are satisfactory 
for communication (NO at 815). 

It should be noted that the MSCP packets and the wireless 
uplink and downlink signals are transported at the same time. 
The master unit coordinates the use of MSCP packets during 
gaps in transmission, if Such gaps are present, to allow inter 
ference measurements. Also, the master unit coordinates the 
transmission timing for the MSCP packets to enable the mas 
teror slave units to turn off their re-transmission to prevent the 
packets from being transmitted over the wireless interface by 
using a pre-determined schedule, which may be either a non 
regular or pseudorandom schedule, to coordinate the trans 
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mission times. The procedure 800 for measuring interference 
and noise on the uplink and downlink transport frequencies 
can be performed by the processor 220 executing the trans 
port frequency instructions 250 and the MSCP packet instruc 
tions 255. 

FIG. 9 illustrates an exemplary coaxial cable interconnect 
ing several rooms in a house and is provided to illustrate how 
different paths over existing cabling or wiring will have dif 
ferent associated losses, noise and transport frequencies. 

FIG.10 illustrates several exemplary coaxial cable paths of 
varying lengths, while FIGS. 11A and 11B graphically illus 
trate frequency responses (signal attenuation vs. transport 
frequency) for long (F to B) and short (F to E) coaxial cable 
paths shown in FIG. 10. As can be appreciated by one skilled 
in the art, it is important to carefully determine appropriate 
transport frequencies, as certain frequencies result in higher 
signal attenuation than others. 

FIG. 12 illustrates the operating frequencies of several 
services, some or all of which may be present in a facility in 
which the repeater described herein may be implemented. 
FIG. 12 serves to further illustrate the importance of selecting 
appropriate transport frequencies so as to avoid interference 
with transmit frequencies of existing services such as cable 
TV, MoCA and satellite TV transmissions. 

Regarding master/slave unit configuration and installation, 
FIG. 13 is a diagram illustrating an exemplary setup and 
installation of the repeater shown in FIG. 1. The user places 
the slave unit in the room with poor coverage and connects it 
to power and the cable outlet. The user then presses a button 
on the slave unit to put it into “set up mode” for a fixed period 
of time (10 min). The user uses a cellphone or other wireless 
communication device to determine a room with coverage 
using the bars on the device. The user places the master unit 
in this room, and connects it to power and the cable outlet. The 
user presses a button on the master unit which puts it into “set 
up mode” for a fixed time period (10 min). The user then 
makes a phone call on their cellphone while near the master 
unit. The “configured light' on the master unit will turn on 
indicating the configuration is complete. The user should then 
walk to the slave unit and see the increased coverage or 
performance in this area. 

FIG. 14 is a system diagram illustrating another exemplary 
embodiment of a repeater system 1400 in which a single 
cable. Such as coaxial cable, 1401 is used to connect a master 
unit 1402 with multiple slave units 1406. The master unit 
1402 and each of the slave units have an architecture such as 
that shown in FIG. 1A and FIG. 1B. However, each of the 
slave units 1406 is coupled to the cable 1401 via a coupler or 
splitter of the type well known in the art and therefore not 
specifically shown. The system 1400 finds particular appli 
cation in, for example, a multi-tenant dwelling in which wire 
less communication devices, such as handsets 1408, are asso 
ciated with different service providers, represented as base 
stations 1416 operating over frequency allocations FA1, FA2 
and FA3. Although FIG. 14 illustrates only one slave unit, and 
therefore only one coupler or splitter, is located on each floor, 
multiple couplers or splitters may actually be located on each 
floor depending upon the number of slave units necessary to 
extend the wireless area of coverage. 

Implementation of the repeater system 1400 is possible due 
to the ability of the master unit 1402 and slave units 1406 to 
communicate with each other through the use of MSCP pack 
ets as previously discussed, and specifically due to the use of 
a single IF on each of the up and down frequencies in FDD 
based systems or a single IF for both the up and down fre 
quencies in TDD based systems. The repeater system 1400 
can be used in environments in which new cabling is utilized 
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and provides many advantages over conventional systems 
using a single cable concept. For example, conventional sys 
tems do not have a master unit and slave units capable of 
communicating with one another, do not communicate using 
an IF, and typically require one cable per slave unit. While the 
system shown in FIG. 1A and FIG.1B utilizes IFs at relatively 
high frequencies where dedicated cabling is used, much 
lower IFs, such as in the 400-600 MHz range, may be used in 
the system 1400, thereby enabling less expensive cabling to 
be used. 

Additional modifications to the above embodiments are 
also possible. For example, a repeater unit may be designed 
with a switch to be manipulated by a user that enables the unit 
to be either a master unit or a slave unit, depending on the 
position of the Switch. A user may select one master, and then 
all the other units in the user's home would be slaves. 

Also, if auto setup of the master and slave units is desired, 
then the concept of making Sure the master unit (for example 
the unit placed in or next to a window that showed the stron 
gest RSSI on the user's handset or terminal) is on first so that 
when it does a scan it sees no other unit. As a result, the master 
unit will know it is to be the master unit and then as other slave 
units come on-line they will determine that the unit in the 
window is the master unit and will therefore join the network 
as slave units. 

Further, it is contemplated that a slave unit may be associ 
ated with a specific master unit by manipulating one or more 
Switches on the slave unit (similar to how a garage door 
opener is affiliated with a particular garage door unit) or by 
moving slave units into close proximity to the master unit and 
pressing a button which would cause the slave unit to find the 
strongest master unit. This would be necessary in a multi 
tenant dwelling (MTD). 

This disclosure is intended to explain how to fashion and 
use various embodiments in accordance with the invention 
rather than to limit the true, intended, and fair scope and spirit 
thereof. The foregoing description is not intended to be 
exhaustive or to limit the invention to the precise form dis 
closed. Modifications or variations are possible in light of the 
above teachings. The embodiment(s) was chosen and 
described to provide the best illustration of the principles of 
the invention and its practical application, and to enable one 
of ordinary skill in the art to utilize the invention in various 
embodiments and with various modifications as are Suited to 
the particular use contemplated. 
What is claimed is: 
1. In a repeater to augment wireless network communica 

tion coverage in a facility, a master unit configured to couple 
to at least one slave unit via wiring in the facility, the master 
unit comprising: 

a processor configured to generate master slave communi 
cation protocol (MSCP) packets; 

a transceiver coupled to the processor configured to send 
and receive wireless signals to and from a wireless base 
station associated with a wireless communication net 
work, the transceiver further configured to send and 
receive the wireless signals and the MSCP packets on a 
downlink transport frequency to the slave unit and on an 
uplink transport frequency from the slave unit over the 
wiring in the facility, wherein the processor is further 
configured to: 

puncture the wireless signals on the downlink transport 
frequency with a downlink gap so that interference lev 
els on the downlink transport frequency can be measured 
by the slave unit; 

measure the remaining signal level on the uplink transport 
frequency based upon an uplink gap punctured in the 
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wireless signals on the uplink transport frequency; and 
adjust the downlink and uplink transport frequencies 
based upon measured remaining signal levels. 

2. The master unit of claim 1, further comprising the wiring 
in the facility, and wherein the wiring comprises existing 
wiring in the facility. 

3. The master unit of claim 1, wherein the processor is 
further configured to determine when the uplink gap will be 
punctured in the wireless signals based upon a notification 
message included in the MSCP packets received from the 
slave unit. 

4. The master unit of claim 1, wherein the processor is 
further configured to puncture the wireless signals with the 
downlink gap according to a non-regular interval to prevent 
harmonic interference. 

5. In a repeater to augment wireless network communica 
tion coverage in a facility, a master unit configured to couple 
to at least one slave unit via wiring in the facility, the master 
unit comprising: 

a processor configured to generate master slave communi 
cation protocol (MSCP) packets; 

a transceiver coupled to the processor to send and receive 
wireless signals to and from a wireless base station asso 
ciated with a wireless communication network, the 
transceiver further configured to send and receive the 
wireless signals and the MSCP packets on a downlink 
transport frequency to the slave unit and on an uplink 
transport frequency front the slave unit over the wiring in 
the facility; and 

a power detector coupled to the transceiver, the power 
detector measuring a received signal strength indication 
(RSSI) and noise level of the downlink transport fre 
quency with the slave unit, a master unit input power and 
a master unit output power, wherein the processor is 
further configured to determine a maximum gain of an 
uplink to the base station for which the master unit and 
the slave unit are not in an oscillation state, and in which 
a change in again of the uplink to the base station is not 
Substantially equal to a change in measured master unit 
power. 

6. The master unit of claim 5, wherein the processor is 
further configured to generate an indication message to be 
sent to the slave unit if a maximum gain of the uplink to the 
base station for which the master unit and the slave unit are 
not in the oscillation state is determined to be below a specific 
level. 

7. In a repeater to augment wireless network communica 
tion coverage in a facility, a slave unit configured to couple to 
a master unit via wiring in the facility, the slave unit compris 
ing: 

a processor coupled to the transceiver and configured to 
configure the slave unit based upon operating param 
eters received in master slave communication protocol 
(MSCP) packets from the master unit; and 

a transceiver to send and receive wireless signals on a 
downlink to and an uplink from a subscriber terminal 
over a wireless connection, the transceiver further to 
send and receive the wireless signals and MSCP packets 
on an uplink transport frequency to the master unit and 
on a downlink transport frequency from the master unit 
over the wiring in the facility wherein the processor is 
further configured to: 

puncture the wireless signals on the uplink transport fre 
quency with an uplink gap so that remaining signal 
levels on the uplink transport frequency can be measured 
by the master unit; 
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14 
measure a remaining signal level on the downlink transport 

frequency based upon a downlink gap punctured in the 
wireless signals on the downlink transport frequency; 
and 

generate the MSCP packets including the measured inter 
ference levels to be sent to the master unit. 

8. The slave unit of claim 7, wherein the processor is further 
configured to determine when the downlink gap will be punc 
tured in the wireless signals based upon a notification mes 
sage included in the MSCP packets received from the master 
unit. 

9. The slave unit of claim 7, wherein the processor is further 
configured to puncture the wireless signals on the uplink 
transport frequency with the uplink gap according to a non 
regular interval. 

10. In a repeater to augment wireless network communi 
cation coverage in a facility, a slave unit configured to couple 
to a master unit via wiring in the facility, the Stave unit 
comprising: 

a processor coupled to the transceiver and configured to 
configure the slave unit based upon operating param 
eters received in master slave communication protocol 
(MSCP) packets from the master unit; and 

a transceiver to send and receive wireless signals on a 
downlink to and an uplink from a subscriber terminal 
over a wireless connection, the transceiver further to 
send and receive the wireless signals and MSCP packets 
on an uplink transport frequency to the master unit and 
on a downlink transport frequency from the master unit 
over the wiring in the facility wherein the processor is 
further configured to: 

determine a timing difference between a local clock and a 
clock associated with the master unit based upon one or 
more time-stamped broadcast messages within the 
MSCP packets received from the master unit; and 

adjust the local clock reference based on the timing differ 
CCC. 

11. In a repeater to augment wireless network communi 
cation coverage in a facility, a slave unit configured to couple 
to a master unit via wiring in the facility, the slave unit 
comprising: 

a processor coupled to the transceiver and configured to 
configure the slave unit based upon operating param 
eters received in master slave communication protocol 
(MSCP) packets from the master unit; 

a transceiver to send and receive wireless signals on a 
downlink to and an uplink from a subscriber terminal 
over a wireless connection, the transceiver further to 
send and receive the wireless signals and MSCP rackets 
on an uplink transport frequency to the master unit and 
on a downlink transport frequency from the master unit 
over the wiring in the facility; and 

a power detector coupled to the transceiver, the power 
detector configured to measure a received signal 
strength indication (RSSI), a noise level of the uplink 
transport frequency with the master unit, a slave unit 
input power and a slave unit output power, wherein the 
processor is further configured to determine a maximum 
gain of the downlink to the subscriber terminal for which 
the slave unit and the master unit are not in an oscillation 
state in which a change in again of the downlink to the 
Subscriber terminal is not substantially equal to a change 
in a measured slave unit output power. 

12. The slave unit of claim 11, wherein the processor is 
further configured to generate an indication message to be 
sent to the master unit if the maximum gain of the downlink to 
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the subscriber terminal for which the slave unit and the master 
unit are not in the oscillation state is determined to be below 
a specific level. 

13. A method of augmenting wireless network communi 
cation coverage in a facility including a master unit installed 
at the facility and a slave unit coupled to the master unit via 
wiring in the facility, the method comprising: 

sending control messages on a downlink transport fre 
quency to the slave unit, the control messages including 
operating parameters for configuring the slave unit and a 
downlink gap transmission time; 

receiving control messages on an uplink transport fre 
quency from the slave unit, the control messages includ 
ing an uplink gap transmission time; 

sending wireless signals received at the master unit from a 
wireless base station to the slave unit via the downlink 
transport frequency; 

sending wireless signals received at the slave unit from a 
subscriber terminal to the master unit via the uplink 
transport frequency; 

puncturing the wireless signals sent via the downlink trans 
port frequency with the downlink gap so that interfer 
ence levels on the downlink transport frequency can be 
measured by the slave unit; 

puncturing the wireless signals sent via the uplink transport 
frequency with the uplink gap so that interference levels 
on the uplink transport frequency can be in measured by 
the master unit; and 

adjusting the downlink and uplink transport frequencies 
based upon the measured interference levels. 

14. The method of claim 13, wherein the puncturing of the 
wireless signals sent via the downlink transport frequency 
and the puncturing of the wireless signals sent via the uplink 
transport frequency further includes puncturing the wireless 
signals according to a non-regular interval. 

15. The method of claim 13, further comprising de-activat 
ing the master unit and the slave unit if the measured inter 
ference levels are greater than a predetermined level. 

16. The method of claim 13, further comprising: 
sending time-stamped broadcast messages on the down 

link transport frequency to the stave unit; 
determining a timing difference between a slave unit pro 

cessor clock and a clock associated with the master unit 
based upon the time-stamped broadcast messages; and 

adjusting the slave unit processor clock if the timing dif 
ference is greater than a predetermined accuracy level. 

17. The method of claim 13, further comprising: 
measuring a received signal strength indication (RSSI) and 

a noise level of the downlink transport frequency, and an 
input and output power of the master unit; and 

determining a maximum gain of the uplink to the base 
station for which the master unit and the slave unit are 
not in an oscillation state in which a change in the gain of 
the uplink to the base station is not substantially equal to 
a change in the measured master unit output power. 

18. The method of claim 13, further comprising: 
generating an indication message to be sent to the slave unit 

if the maximum gain of the uplink to the base station for 
which the master unit and the slave unit are not in the 
oscillation state is determined to be below a specific 
level. 

19. The method of claim 13, further comprising: 
measuring a received signal strength indication (RSSI) and 

a noise level of the uplink transport frequency, and an 
input and output power of the slave unit; and 
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setting again of the uplink transport frequency based upon 

the measured received RSSI and noise level of the 
uplink. 

20. The method of claim 13, further comprising: 
determining a maximum gain of the downlink to the Sub 

scriber terminal for which the slave unit and the master 
unit are not in an oscillation state in which a change in 
the gain of the downlink to the subscriber terminal is not 
Substantially equal to a change in the measured output 
power of the slave unit. 

21. The method of claim 20, further comprising generating 
an indication message to be sent to the master unit if the 
maximum gain of the downlink to the subscriber terminal for 
which the slave unit and the master unit are not in the oscil 
lation state is determined to be below a specific level. 

22. An apparatus for of augmenting wireless network com 
munication coverage in a facility including a master unit 
installed at the facility and slave unit coupled to the master 
unit via wiring in the facility, the apparatus comprising: 
means for sending control messages on a downlink trans 

port frequency to the slave unit, the control messages 
including operating parameters for configuring the slave 
unit and a downlink gap transmission time; 

means for receiving control messages on an uplink trans 
port frequency from the slave unit, the control messages 
including an uplink gap transmission time; 

means for sending wireless signals received at the master 
unit from a wireless base station to the slave unit via the 
downlink transport frequency; 

means for sending wireless signals received at the slave 
unit from a subscriber terminal to the master unit via the 
uplink transport frequency: 

means for puncturing the wireless signals sent via the 
downlink transport frequency with the downlink gap So 
that interference levels on the downlink transport fre 
quency can be measured by the slave unit; 

means for puncturing the wireless signals sent via the 
uplink transport frequency with the uplink gap so that 
interference levels on the uplink transport frequency can 
be measured by the master unit; and 

means for adjusting the downlink and uplink transport 
frequencies based upon the measured interference lev 
els. 

23. The apparatus of claim 22, wherein the puncturing of 
the wireless signals sent via the downlink transport frequency 
and the puncturing of the wireless signals sent via the uplink 
transport frequency further includes means for puncturing the 
wireless signals according to a non-regular interval. 

24. The apparatus of claim 22, further comprising: 
means for de-activating the master unit and the slave unit if 

the measured interference levels are greater than a pre 
determined level. 

25. The apparatus of claim 22, further comprising: 
means for sending time-stamped broadcast messages on 

the downlink transport frequency to the slave unit; 
means for determining a timing difference between a slave 

unit processor clock and a clock associated with the 
master unit based upon the time-stamped broadcast mes 
Sages; and 

means for adjusting the slave unit processor clock if the 
timing difference is greater than a predetermined accu 
racy level. 

26. The apparatus of claim 22, further comprising: 
means for measuring a received signal strength indication 

(RSSI) and a noise level of the downlink transport fre 
quency, and an input and output power of the master 
unit; and 
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means for determining a maximum gain of the uplink to the 
base station for which the master unit and the slave unit 
are not in an oscillation state in which a change in the 
gain of the uplink to the base station is not substantially 
equal to a change in the measured master unit output 
power. 

27. The apparatus of claim 22, further comprising: 
means for generating an indication message to be sent to 

the slave unit if the maximum gain of the uplink to the 
base station for which the master unit and the slave unit 
are not in the oscillation state is determined to be below 
a specific level. 

28. The apparatus of claim 22, further comprising: 
means for measuring a received signal strength indication 

(RSSI) and a noise level of the uplink transport fre 
quency, and an input and output power of the slave unit; 
and 

means for setting again of the uplink transport frequency 
based upon the measured received RSSI and noise level 
of the uplink. 

29. The apparatus of claim 22, further comprising: 
means for determining a maximum gain of the downlink to 

the subscriber terminal for which the slave unit and the 
master unit are not in an oscillation state in which a 
change in the gain of the downlink to the Subscriber 
terminal is not substantially equal to a change in the 
measured output power of the slave unit. 

30. The apparatus of claim 29, further comprising: 
means for generating an indication message to be sent to 

the master unit if the maximum gain of the downlink to 
the subscriber terminal for which the slave unit and the 
master unit are not in the oscillation state is determined 
to be below a specific level. 

31. A computer readable media comprising executable 
instructions for augmenting wireless network communica 
tion coverage in a facility in eluding a master unit installed at 
the facility and a slave unit coupled to the master unit via 
wiring in the facility, comprising: 

instructions to send control messages on a downlink trans 
port frequency to the slave unit, the control messages 
including operating parameters for configuring the slave 
unit and a downlink gap transmission time; 

instructions to receive control messages on an uplink trans 
port frequency from the slave unit, the control messages 
including an uplink gap transmission time; 

instructions to send wireless signals received at the master 
unit front a wireless base station to the slave unit via the 
downlink transport frequency; 

instructions to send wireless signals received at the slave 
unit from a subscriber terminal to the master unit via the 
uplink transport frequency; 

instructions to puncture the wireless signals sent via the 
downlink transport frequency with the downlink gap So 
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that interference levels on the downlink transport fre 
quency can be measured by the slave unit; 

instructions to puncture the wireless signals sent via the 
uplink transport frequency with the uplink gap so that 
interference levels on the uplink transport frequency can 
be measured by the master unit; and 

instructions to adjust the downlink and uplink transport 
frequencies based upon the measured interference lev 
els. 

32. The computer readable media of claim 31, further 
comprising: 

instructions to measure a received signal strength indica 
tion (RSSI) and a noise level of the downlink transport 
frequency, and an input and output power of the master 
unit; and 

instructions to determine a maximum gain of the uplink to 
the base station for which the master unit and the slave 
unit are not in an oscillation state in which a change in 
the gain of the uplink to the base station is not substan 
tially equal to a change in the measured master unit 
output power. 

33. The computer readable media of claim 31, further 
comprising: 

instructions to generate an indication message to be sent to 
the slave unit if the maximum gain of the uplink to the 
base station for which the master unit and the slave unit 
are not in the oscillation state is determined to be below 
a specific level. 

34. The computer readable media of claim 31, further 
comprising: 

instructions to measure a received signal strength indica 
tion (RSSI) and a noise level of the uplink transport 
frequency, and an input and output power of the slave 
unit; and 

instructions to set again of the uplink transport frequency 
based upon the measured received RSSI and noise level 
of the uplink. 

35. The computer readable media of claim 31, further 
comprising: 

instructions to determine a maximum gain of the downlink 
to the subscriber terminal for which the slave unit and 
the master unit are not in an oscillation state in which a 
change in the gain of the downlink to the Subscriber 
terminal is not substantially equal to a change in the 
measured output power of the slave unit. 

36. The computer readable media of claim 35, further 
comprising: 

instructions to generate an indication message to be sent to 
the master unit if the maximum gain of the downlink to 
the subscriber terminal for which the slave unit and the 
master unit are not in the oscillation state is determined 
to be below a specific level. 
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